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Clinical Proteomic Tumor Analysis Consortium

What i the backpromd?

o Analytical irreproducibility barriers using proteomics (false
biomarker claims)

o No FDA-authorized MS-based proteomic assays at the time

o NCI-CPTAC launch in 2006 to address analytical issues

o NCI-TCGA large-scale genomics initiative in 2006 (extensively
characterize large number of tumors)




CPTAC’s Multi-stage Standardized Proteomic Pipeline \ \

(Building proteomics competency to ensure reproducibility) "¢

Round Robin Study Goal:

Demonstrate MRM assay
accuracy and reproducibility
across labs to measure

DISCOVGI'Y proteins in plasma (low
ug/ml with CV<22% at LOD)

* Platform Validation (TQMS)
using SOPs and common
material (research grade),
open source software tool
Skyline

* Immuno-MRM increases

Clinical Validation sensitivity by 1000-fold
* Community Adoption

Source: Addona, TA, et. al., Nat Biotechnol. 2009, 27(7):633-641.




Analytical Validation Workshop for Regulatory

Device Clearance

IE?[A]IS)NAL Regulatory Science “cliffsnotes”
TITUTE I |) Smc

*Workshop (NCI-FDA IOTF MDx
subcommittee): analytical
validation needs for multiplex
proteomic technologies in clinical
use

Special Issue

Clinical
Chemistry

510(k) w/ FDA
comments

* Outcome: Public mock 510(k)
pre-market applications

» multiplex immuno-MRM assay (N. e Deee e
Leigh Anderson) =

» multiplex immunological array- sl o
based assay (Fred Regnier)

Sources:

* Regnier, F, et. al. (2010) Clinical Chemistry. 56(2):165-171.
* Rodriguez, H, et. al. (2010) Clinical Chemistry. 56(2):237-243.
* Boja, E, et. al. (2011) Clinical Chemistry. 57(4):1-8.




Fit-for-Purpose Documents

(Defining “What Is a Proteomics Targeted Assay”)

E‘?[AE)NAL DRUG 201 1
CER |%iyA> A ‘u :‘ : % DISCOVERY |
m r Believe it or not: how much can we
rely on published data on potential
What Is an “ASS&Y” drug targets?
(ta rg eted MS)? Flarian naturemauﬂan
- Workshop (2013) — establish = |NIH mulls rules for 2013
information authors need to .=| validating key results P
H . US biomedical agency could enlist independent labs for verification. alse Standar dS for
provlde to enable reV|eWerS & BY MEREDITH WADMAN r: mm . r m‘ e m g:;rlwigr x]: i '“I‘F" Id ls preclinical Cancer researCh
readers to understand what o B B | | T e~
was done
® PartiCi pa ntS: NCI y N H LB I y Targeted Peptide Measurements in Biology and Medicine:
AACC FDA pharma b|0teCh Best Practices for Mass Spectrometry-based Assay Development Using a Fit-for-

Purpose Approach

CRO, CMS, major journals

Steven A. Carr' Susan E. Abbatiello”, Bradley L. Ackermann?, *Christoph Borchers,
“Bruno Domon, *Eric W. Deutsch, ®*Russell P. Grant; "Andrew N. Hoofhagle; ®*Ruth
Huttenhain; '®John M. Koomen; ""Daniel C. Liebler; '*Tao Liu, "Brendan MacLean, 'DR

e Outcome: fit-for-purpose Mani, *Elizabeth Mansfield, “Hendrik Neubert, *Amanda G. Paulovich, "°Lukas Reiter,
. . p p 7QOlga Vitek, *Reudi Aebersold, ®Leigh Anderson, ®Robert Bethem, ®Josip Blonder,
pub“cahon 2Emily Boja, #'Julianne Botelho, *Michael Boyne; °Ralph A. Bradshaw, *Alma L.

Burlingame; #’Daniel Chan; 'Hasmik Keshishian, 'Eric Kuhn, ?°Christopher Kinsinger,
2 Jerry Lee, *Sang-Won Lee, °Robert Moritz, “Juan Oses-Prieto, **Nader Rifai, **James

MCPjOurnal expected to develop Ritch;g, PHenry R(_)drigugz, 26Pot!'_lur R. Szr;nivas, 27R: Reid Townsend, 2Jennifer Van
recommendations intO pub guidelines Eyk, ““Gordon Whiteley, "Arun Wiita and “Susan Weintraub

Source: Carr, SA, et. al. Targeted Peptide Measurements in Biology and Medicine: Best Practices for Mass
Spectrometry-based Assay Development Using a Fit-for-Purpose Approach. (2014) Mol Cell Proteomics. 13(3):907-917.
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Alignment of Workshop Guidelines with CPTAC Assay Portal

(https://assays.cancer.gov)

m National Cancer Institute

OFFICE oF CANCER CLINICAL
€2 PROTEOMICS resianc

Avdilable Assays 110

Assay Portal

Search the Assay
Database by:

X Clear All Filters

KEGG Pathways

Data Source:

Find ossays fo
proteins encoded in
a specific

chromosomal region

Chromosome
Number
Include AL~ @
Chromosomal
Location
2]
(7]

Assay Portal

Search:

Proteinz and peptides for Submitfing

which aszays are available Laboeratory

5 AARS - UniProt Accession ID: P49588

AVFDETYPDPVR Fred Hutchinson
Cancer
Research Center

TMVALADGGRPDNIGR Fred Hutchinson

Cancer
Research Center

B ABAT - UniProt Accession ID: P80404

GIFCSFDTPDDSIR Fred Hutchinson

Cancer
Research Center

B ABCDS3 - UniProt Accession ID: P28288

Showing 1 to 50 of 454 entries

at the National Institutes of Health | www.cancer.gov

CPTAC Home

CPTAC Home

Show / hide columns  Download CSV

Show| 50 El entries

«— Previous 1| 2|3 |4| 5| Nexb—
Assay CPTAC
Medification Type Matrix D
unmodified direct cell line CPTAC-1
MREM ysate
pool
unmodified direct cell line CPTAC-2
MRM hysate
pool
unmodified direct cell line CPTAC-4
MRM lysate
pool

TAC Infranet

Response Curves @

Data source: Panorama
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® view larger image
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@ view larger image
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® view larger image

LOD (fmol/ug) 1L0Q (fmol/ug) @
Peplide Transition  blankonly  blanktow-conc rsdlimit  blank only  blank+low-conc red limit
AVFDETYPDPVR Sum.ir 2.5e2 5.3e-2 1.6e-1 8.4e-2 1.6e-1 4.8e-1
2y9.1 3.6e-3 1.1e-2 3.0e-2 12e-2 33e2 9.0e-2
2471 3.6e-2 5.7e-2 9.2e-2 1.2e-1 1.7e-1 2.8e-1
2.y6.1 3de2 Bde-2 28e-1 llel 2.5e-1 8.3e-1
Curve Fit
Peptide Transition slope intercept r squared
AVFDETYPDPVR Sum.tr 0.07 -0.00 1.00
2.y6.1 0.08 -0.02 1.00
2471 007 -0.00 1.00
2y9.1 0.06 -0.00 1.00
Repeatability @
Data source: Panorama
ife 8 8 = ifs & @& o & . @ ife & & o
£ £
U I B T LA B & O R
H H
H H
H 1
o 9 8 ] o 8 a 8 8 o o » . N A
T BRI LI T 7 adg b8
@ view largerimage
Average infra-assay CV  Average infer-assay CV/ Total CV n=

{within day CV)

Fragment ion / Transiion ~ Low  Med

6 (14) 183 | 57
¥7 (14) 14 56
¥9 (14) 165 | 75

sum 89 47

High  low = Med
33 | 203 8
52 152 | 62
47 | 222 | 82
31 104 63

{between day CV)

Nz
High Low Med High low Med
45 |273| 98 | 54 | 15| 25
57 |207| 84 | 77 |15 25
8 |277| ma| 93 |15 25
48 |137| 79 | 57 | 15| 25

Defining qualification criteria for different tiers of targeted assays

High
15
15
15
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Experimental and Statistical Study Design

Considerations for Discovery and Verification Stages ‘.\

* Workshop — building consensus towards statistically
correct biospecimen cohort size when using

TTONAL multiplex proteomic technologies
il FDA AACC

* Outcome: a peer-reviewed paper (modeling based on
CA-125 for cohort size calculation; foundation for

tumor analysis)
Siteome =

Statistical Design for Biospecimen Cohort Size in Proteomics-based
Biomarker Dlscovery and Verlﬁcatlon Studies

ael A. Gillette,' Joshua LaBaer,® Steven A. Carr,” Leigh Anderson,"
=S A Marina Kondratovich,” Ziva |1L°

(. .
Biospecimen Sample

Lower STATISTICAL POWER Higher

Steven .
Daniel Ras
Elizabeth Mansficld© Ann L. Oberg® lan Wright,!
Christopher R. r,% Henry Rodriguez,” and Emil

National Cancer Institute

D Sudiesy
gLy i&@‘

WS
orkshop of the National C

# controls/# cases

M

Signal (A SD) 05 10 2.0 3.0 0.5 1.0 2.0 3.0 05 10 20 3.0 0.5 1.0 20 3.0

#American Assomatlon for Clinical Chemlstry

August 22-23, 2011
Bethesda, MD

18% 26% 30% 42% | 19% 22% 41% 50% | 12% 31% 69% 88% | 28% 66% 97% 98%

16% 31% 64% 73% | 23% 60% 81% 91% | 28% 74% 97% 100%| 67% 96% 100% 100%

21% 55% 85% 93% | 43% 85% 98% 100%| 59% 98% 100% 100%| 93% 100% 100% 100%

46% 86% 99% 100% | 68% 100% 100% 100%| 93% 100% 100% 100% | 100% 100% 100% 100%

@ Supporting Informatio

% Cases Producing Marker

85% 100% 100% 100% | 99% 100% 100% 100% | 100% 100% 100% 100% | 100% 100% 100% 100%

ABSTRACT:

rtcoming National
e (M), Natorl Hermt, Lo, and B it (NHLBT), 1 Clical Chernistry (AACC)

Source: Skates, S, Boja, ES, et. al. Statistical Design for Biospecimen Cohort Size in Proteomics-based
Biomarker Discovery and Verification Studies. (2013) J Proteome Res. 12(12):5383-5394. 7




Community Reagents: Monoclonal Antibodies

(Well-characterized / Standardized)

Antibody Characterization Program
(http://antibodies.cancer.gov)

Antigen
Selection

Antibody
Production

Antibody Initial
Screening

»

A ,‘g:)‘@
Ads g
&4 A

/

Monoclonal antibodies are
produced in mice or rabbits.

Target antigens
provided by
investigators

Up to 30 clones per antibody are
screened using methods based
on end use applications.

Upto 3 clones are chosen for
final antibody production.

Antibody Characterization
Laboratory

Distribution and
Community Access

Frederick National Laboratory Public
for Cancer Research
W Developmental Studies
The Human DSHBﬁr Hybrldqma l_Bank at
. The University of lowa
Protein Atlas
BIODESIGN
INSTITUTE Private
T, &l"‘; b ®
Gope 9 - abcam
' \?L":;-_,L“*L 1 L)‘\L\[\"I‘anﬁsll-?n - § discover more

CPTC Antibody Characterization Pipeline

Antibody isotype, SDS-PAGE,
western blot, indirect ELISA,
surface plasma resonance,
immuno-histochemistry,
immuno-mass spectroscopy,
NAPPA

* Current Inventory: 295 validated monoclonal antibodies (126 full-length
protein and peptide antigens)




Clinical Proteomic Tumor Analysis Consortium:

Proteogenomics for Understanding Cancer Biology

Discovery .
(Cancer Genomics / Transcriptomics) @\%\J@{L
1
1
1
1
1
1
' Verification
PROTEOGENOMIC (Cancer Proteomics)
DATA
INTEGRATION

Cancer Patients

* genomically
characterized human
tumors

* 100 tumors/cancer type
(breast, colorectal,
ovarian)

Cancer Patients
(independent
prospective cohort)
(breast, ovarian,
colorectal)

Discovery
(Cancer Proteomics)

PATIENT-BASED
CANCER ATLAS

Public Resources
* Data Portal

* Assay Portal

* Antibody Portal




Year 1: Understanding TCGA Pre-analytical Variables \ ‘
~\

Due Diligence Studies Outcome

1. Impact of Optimal
Cutting Temperature
compound on
proteomic analysis?

Developed OCT removal
protocol (no negative impact)

Developed CompRef (WHIM
breast xenograft) standard —
allows analytical
benchmarking (every 5 TCGA
sample runs)

2. Accounting for
analytical/instrument
drift within and
among labs?

Developed consensus tumor
collection SOPs for verification
set — minimize ischemic effect
on proteomic (phospho)
analyses

3. Impact of cold
iIschemia duration on
proteome analysis?
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Clinical Proteomic Tumor Analysis Consortium

What kas NCI-CPTAC dome with Fl %/ﬂﬂgg 7 /ﬁ/ég@e the o 7

o Standardization of MS-based proteomic assays

o Discovery (reference materials, MS QC software)

o Verification: publicly available 510(k) mock documents using
targeted immuno-MRM-MS assays

o Experimental design considerations (power calculation, bias)

o Standardization of monoclonal affinity reagents characterization
generated for proteomics research

o Standardization of common data analysis pipeline (NIST): beneficial for
reporting of multi-institutional TCGA proteomic results to the public

(PSMs)
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CPTAC Public Resources (Standardization

https://cptac-data- https://antibodies.cancer.
portal.georgetown.edu/ gov

11,419 files (2.2 TB)

AbouttheData  Help CPTACHome  Antibody Portal CPIAC Home:
A Antibody Portal A Portal /CPTAI
B ssay Porta
CPTAC, TCGA Cancer Proteome Study of Colorectal Tissue e N
Embargo Release Date: December 04, 2014 Brouse By Antibodies print Tis Pace 2 7
Lrren &
i Tis Pane: )
e ‘Antigen Recognition Show [25_~] entries Showing 1 to 25 of 231 entries Search Search the Assay Snaw { nide comaz
Dalabase by
T recombnart full-ength % )
Antibod Purchase Clecr 21 Fi feareh Showing 1 1o 50 of 870 entries Show 0 eniies
The goal of the CPTAC, TCGA Cancer Proteome Study of Colorectal Tissue is to analyze the proteomes of TCGA tumor samples that | — - Fee e - - - " .
have been by molecular methods (Cancer Genome Atlas Network, Nature 2012) Antibody Images Types
GTCARIB ‘Ado-keto Reductase Famiy 1 Member 61 w KEGG Patwors
- - - - - s CPTCAKRIBL2 Aldo-keto Reductase Femily 1 Member 81 - Select . 5 45 Ned—
Data sets F TR e PTCARRIBLS Aldorketo Reductase Famiy 1 Member 1 -
e CPTCARRICIT Aldo-keto Reductase Fomily 1 Member C1 - Frolein and pepiid " . Asay X
™ tmmuno-ms which azsays are available Submitting Labaratery Madification Type Mahrix
[ GrTCARICI2 Aldorketo Reductase Famiy 1 Member Ci -
i Download e e - - lo-keto reductase family 1 member T s - UniPrat A i 194
_ I Indrect Eu1sh PTCARIC T Aldo-keto reductase family 1 memer C2 \. = AARS - UniProt Accassion 1D: P49588
&) - . T NCI 60 Protein Array. CPTC-AKRIC2-2 Aldo-keto reductase family 1 member C2 = == AVFDET/PDPVR Frec! Hulchinon Concer unmodifed coline
- ™ e vea PTCARICE 3 Aldo-keto reductase family 1 memer C2 - Research Canter Iysate
[ s  CBTAC TCGA Colorectal Cancer Protocols and Clinical Data 839KB r . = R
Cell Lysate Western Blot CPTC-ANXAL-L Annexin A1 (Annexin 1) - o pool
@ T 1422 Proteome WU 20121018 ace T Cross Reactivity Data T anesin A1 (Aamexin -
L L I e e ez fanein A1 (fanesin ) - e s @ TMVALADGGRPONIGR Frad Hutchinson Cancer unmodified cailin
O 3 | TCGAAG-300501A22 Proteome VU 20121205 sce CPTC-ANALS Annexin AL (mnexn 1) A Research Canter Iysate
rearea-2 APEX Nuclease 1 - Chiomosomol pool
O @  ICGA-A6-3810-014-22 Proteome VU 20121029 8GB Antibody Isotypes e s = Location
- =t t ° ABAT - UniPral Acc ession ID: P0404
© G | TCGA-AAS518-01A-11 Proteome VU 20120815 ace 1061 e saz ke 1 -
I 56z - : 2 " ttchinsan Cancer Unmodifie wect  celline
@ @ | 18012 Proteome VU 20121209 ace [ eTCsa 8oLz ke 1 - S L e & iect [ et | ety
N cPresazz sz 2 - el Center VWL e
O 3  TCGA-AA-3526-01A-11 Proteome VU 20130106 8GB 1963 rrescon e - pool
-8c1212- ke
8 |m |T 1812 Proteome VU 20121203 ace Monodonal Source crreacazs aciziiez ] GIFCSFOTPODSR Frect Hutchinion Cancer nmodifiea csiline
Ressarch Canter =
- erece Carbonic anhydrase VIt - ==tz
O s | ICGA-AA-3531-01A-22 Proteome VU 20130101 ace S ia vty poteina ol et
arecs? Carbonic anhydrase VI - interact win e
@ TCGA-AA-3534-01A-22 Proteome VU 20130208 768 wing proken(sh ;
L Eo— cPTC-Caloydin-1 Caleycln (Prolactin Receptor Associated - S ABCDS - UniProt Accession ID: P26268
8 |m |z 1422 Proteome VU 20130125 ace Proten) R, . .
- ™ tuman protein Atse CPTC-Caleyein2 Galeyein (Prolactn Receptor Associted o @ VIGELWPLFGG! SeouNalional kit / werodfed  disct  cotine
8 |m |T 1822 Proteome VU 20121122 ace P ) s e o Scence on R | bcte
echaology pool
. CPTC-Caleydlin3. Calcyclin (Prolactin Receptor Associated - o
) s | TCGA-AS-3807-01A22 Proteome VU 20121019 aGs et
VLIGELWPLFGGR Fred Hutchinson Cancer unmeodified direct cellline
8 |m |z 1422 Proteome WU 20121205 ace eTCCoeH Gell diison cyce 36 homolog (. - Research Center MRM lysate

Data release schedule:
CrCa — completed ~;!|l
BrCa — completed Pu b E%Linkout

OvCa - 7/2014
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